Pink salmon fry, Oncorhynchu s gorbuscha, after a 10-day exposure to one of two sublethal concentration s (25-54 l g L 1 or 178-348 l g L 1 ) of the water-soluble fractions from Alaska North Slope crude oil, possessed morphologic and stress induced lesions in their hepatic, head kidney and gill tissues. Analysis of livers from oil-exposed fry revealed a variety of hepatocellular changes, including steatosis, nuclear pleomorphism , megalocytosis and necrosis. Epithelial proliferation of the bile ducts also occurred. An increase in the head kidney's interrenal cell nuclear diameter, a biomarker for stress responses, was correlated with hydrocarbo n exposure. Gill abnormalities such as eqithelial lifting, fusion, mucous cell hyperplasia and vascular constriction were found in all test groups, but were more severe in fry given the high water soluble fraction of crude oil. The study demonstrated that sublethal exposure to the water-soluble fraction of crude oil results in multiple microscopic lesions (in several viscera) that are consistent with a pronounced response to environmenta l stress. lesions and stress responses that are indicative of xenobiotic exposure.
INTRODUCTION
Marine environments near industrial and urban centers are contaminated with a wide range of chemicals that may be transformed, either biologically or chemically, into new potentially toxic compounds (23) . Research has demonstrated a positive link (by association) between the presence of certain xenobiotic chemicals in sediments, seawater or food organisms and the onset of histopathological changes in demersal (resident) sh species (31) . In particular, liver neoplasia (2, 22, 26, 31) and gill lesions, (ie, epithelial lifting and fusion of secondary lamellae) (10, 11, 19, 34) have been linked with exposure to a broad spectrum of environmental xenobiotics for a wide range of sh species. Additional factors consistent with elevated environmental stress, such as changes described as an increased nuclear diameter of interrenal cells in the head kidney (5, 25, 29) , have been linked to xenobiotics.
Crude oil or its water-soluble component is known to induce microscopic changes in liver and gill tissues of sh following chronic exposure (11, 17, 19, 22, 27, 34) . As part of a larger investigation (1) , the present study examined the inuence of short term sublethal exposure to the water-soluble fraction of Alaska North Slope crude oil on the histomorphology of pink salmon fry, Oncorhynchus gorbuscha. Liver, head kidney and gill tissues were examined for morphologic toxicant exposure apparatus. Each of three 2-m 3 -capacity "Capilano" holding troughs received 25 L min 1 sea water. According to calculations provided by Spraque (36) , the 90% replacement time for these troughs was 4 hours. Sea water leaving the system drained into a waste sump for oil recovery.
Acclimation and Husbandry
Upon arrival at the eld laboratory, the < 1-year-old, coded-wire tagged and adipose-clipped Quinsam River pink salmon fry (Oncorhynchus gorbuscha) were placed directly into the experimental troughs containing fresh water. Sea water was siphoned at 6 L min 1 into each container to progressively replace the fresh water. Full exchange of fresh water with sea water was accomplished within 15-30 min. Fry were fed 3-4% of their body weight per day, an amount suf cient to produce moderate growth while preserving acceptable dissolved oxygen levels within the holding troughs. Fry delivered from the hatchery during the rst 5 days of tagging were fed frozen Biodiet Starter Mash 1 (Bioproducts Inc, Warrenton, Oregon). Biodiet Starter Mash 2 was used for the remainder of the experimental period. Because the delivered sea water was screened through multiple layers of 1-cm mesh rather than ltered, a small amount of natural food was always available in each of the holding troughs. Fish loading densities in the holding troughs varied from 0.25 kg L 1 min 1 at the end of the tagging period to 0.42 kg L 1 min 1 at the end of the exposure period; this change re ected the growth of the fry during the experimental period. The nal loading was within acceptable limits for sh husbandry (32) .
Fry Exposure
Fry were exposed continuously for 10 days to 1 of 2 sublethal concentrations of the water-soluble fraction (WSF) of fresh North Slope crude oil (donated by Atlantic Rich eld Co, Ferndale, Washington). The glass extraction column used to provide the WSF was modi ed from a similar device described by Moles et al (30) . Water samples were collected daily from the two hydrocarbon exposure troughs, control trough and the hydrocarbon header tank. Samples were stored at 4 2 C in 40-mL screwcap Te on sealed glass vials and preserved for shipment with a single crystal of mercuric chloride. Dissolved hydrocarbon determinations were performed within 48 hours after sample collection by AGAT Laboratories (Calgary, Alberta), using a modi ed EPA 602 method for purgable aromatic hydrocarbons (38). Benzene (43%), toluene (38%), o-, m-, and p-xylenes (15%), ethyl benzene (3%), and naphthalene (1%) accounted for over 95% of the hydrocarbons in the WSF. Acute toxicity of the WSF was determined according to methods described by Litch eld and Wilcoxon (21) and Sprague (36) . Flow-through bioassays conducted just prior to the hydrocarbon exposure period produced 96-hour LC50 values between 1-3 mg L 1 . Fry were treated to either no (0-6 l g L 1 ), low (25-54 l g L 1 ) or high (178-348 l g L 1 ) doses of dissolved hydrocarbons in the WSF for just over 10 days. The experiment was replicated (n 30,000 fry/dose/replicate) in the spring of each of 3 consecutive years from 1990 to 1992. Sea water quality in the exposure troughs during that time was measured twice daily; the temperature ranged from 8 to 11 C, dissolved oxygen was maintained above 70% saturation and ranged from 6.5-9.6 mgL 1 , and salinity was 28-30%.
Histology
After the 10-d exposure period, 20 representative fry from each test group were randomly sampled for histological examination of hepatic, head kidney, and gill tissues. The remaining fry from each group were released to Discovery Passage, on the west coast of British Columbia, Canada, to complete their 2-year life cycle (8) .
Each year, fry were euthanized by spinal severance. In year 1 (1990), only fork length, a measurement taken from the tip of the snout to the 'V' of the tail in cm, was recorded. Liver, head kidney and gill were excised, xed in neutral phosphatebuffered 10% formalin (14) and processed for histopathological analysis. During year 2 (1991), fry were measured for fork length (cm) and whole body weight (g) and then xed whole, to eliminate any tissue damage that may occur during biopsy, in Dietrich's formalin (9) for sh histology. In year 3 (1992), fork length (g) and whole body weight (g) were assessed in 40 fry per group, and whole fry were xed in either Dietrich's formalin (20 per group) or alcoholic Bouin's (20 per group) xatives (13) . Fixatives, such as buffered formalin and Dietrich's, may cause epithelial lifting of the gill lamellae (7) ; therefore, half the population was xed in Bouin's, a xative routinely used for gill analysis (41) .
Neutral phosphate-buffered formalin-xed tissues were washed in running tap water, Dietrich's-xed samples were decalci ed in Cal-EX (Fisher Scienti c) overnight at room temperature before washing in running water. It was not necessary to wash or decalcify Bouin's-xed samples. Samples were then dehydrated in graded ethanol, cleared in tolulene, and embedded in paraf n. Serial sections were cut at 6 l m and stained with Gill's hematoxylin and eosin for general histology or Masson's trichrome stain (14) for differentiation between interrenal and chromaf n cells in the head kidney.
Findings were classi ed, respectively, using nomenclature consistent with Myers et al (31) for liver lesions or Mallatt (24) for gill changes. Alterations in interrenal cell nuclear diameters as de ned by Donaldson (5) , were measured using a computer program for video microscopy (Cohu Solid State Video Camera) and measurements (BioScan Optimas version 3.14. Edmonds, WA, 1992). Twenty-ve cells were counted in 1 section from each of the 20 fry per group for the year-2 and year-3 Dietrich's xed samples. Samples xed in Bouin's were not measured because this xative may cause cell shrinkage (7) .
Statistical Analysis
Logistic regression was used to nd the optimal equation to predict presence or absence of a relationship of liver lesions to oil concentrations (13) . Coding schemes for the categories of oil concentrations were used, where 1 control, 2 low dose, and 3 high dose. Coding allows for the parameters of the model to be converted to odds ratios which then permits comparisons of the experimental and control groups. To investigate the effect of oil concentration on sh size, oneway ANOVAs and MANOVAs (multivariate AVOVA) were used. The Student-Newman-Kuels q-statistic was performed to clarify signi cant main effects identi ed by the ANOVAs. All analyses were performed using SPSS for Windows (SPSS Inc, version 5.0.1, Chicago Illinois, 1992). Signi cance of univariate effects was assessed at an alpha level of 0.01 to correct for the in ated error rate over multiple analyses. Posthoc comparisons were not adjusted. To determine if there was a signi cant effect on interrenal cell nuclear diameters following oil exposure, a nested ANOVA using the SAS GLM procedure was applied (SAS Institute Inc, version 6.03, Cary, North Carolina, 1989).
Data for the 3 replicate years was analyzed separately in order to accommodate differences in holding periods, water quality, types of histological xatives used and for possible genetic variation between odd-and even-year pink salmon stocks. Also, because year-3 samples were xed in 2 types of xatives, these samples were also treated separately.
RESULTS
Condition factors, measured as fork length and weight, for the saltwater-acclimated pink salmon fry were found to be unaffected by exposure to the water-soluble fraction (WSF) of North Slope crude oil. In contrast, histological examination of the exposed fry revealed a broad range of alterations in liver, head kidney, and gill tissues. The incidence and severity of these changes, however, was not uniform throughout the 3-year investigation. For example, nonspeci c foci of hepatic necrosis were noted in high-WSF oil-exposed fry in years 2 (1991) and 3 (1992), but not in year 1 (1990) . Partial fusion and hyperplasia of secondary gill lamellae was present to some degree in all year 2 fry (including controls), but in years 1 and 3 these effects were limited to WSF oil-exposed fry. To provide a more direct comparison of effects between years, a combined summary of histological effects is presented in Table 1 . 
Liver Histology
Some normal liver tissue ( Figure 1 ) was found within each test group for each year the fry were analyzed. Normal liver was comprised of hepatocytes with a muralial tubulosinusoidal (1 to 2 cell layers) architecture, often arrayed irregularly about the central veins. The hepatocytes were often vacuolated, most likely due to deposition of glycogen and lipid (31) , and general cytoplasm staining was eosinophilic.
In year 1, hepatocellular vacuolation in combination with condensed nuclei was present in all test groups (Figure 2) , with an observed increase in incidence with exposure to concentrations of WSF of crude oil (15% in control, 45% in lowdose, 60% in high-dose groups). A signi cant linear trend in the odds ratios over levels of oil concentration (Wald [1, 60] 7.63, p < 0.146) was found, where fry exposed to the low or high dose were 4.6 or 8.5 times as likely to have hepatocellular vacuolation when compared to control sh. The increase in vacuolation was also found to be dependent on the size of the fry collected (F [1, 57] 11.14, p < 0.01), with larger fry expressing increased vacuolation.
In year 2, hepatocellular steatosis ( Figure 3 ) was present in 30% of the low dose and in 10% of the high dose, but not in the control group. Prediction of the incidence of hepatocellular steatosis could therefore be made in relation to oil concentration (X 2 [2, 60] 9.682, p < 0.01). Lesions of this type, which are diffusely distributed in a nonzonal pattern, were characterized by enlarged round vacuoles, which peripherally displace the nuclei (31) .
Nuclear pleomorphism (Figure 4 ), hepatocyte nuclei of variable size and chromatin distribution, was apparent in some fry with-. The distribution of affected hepatocytes was diffuse. This abnormality was present in 20% of low-dose and 25% of high-dose groups in year 2 and 35% of low-dose and 45% of high-dose groups in year 3. Only in year 3 was a statistically signi cant relationship recorded (eg, frequency of nuclear pleomorphism increases with oil concentration), and a prediction for the presence of this lesion type could therefore be made in relation to oil concentration (X 2 [2, 60] 14.66, p < 0.001).
Megalocytic hepatosis ( Figure 5 ) was observed in 10% of the sh exposed to both low and high dose oil concentrations during the second year of study. This diffusely distributed nonzonal lesion had a normal muralial architecture, with a characteristic marked enlargement of both nuclear and cellular diameters plus vacuolation of affected cells. The nuclei of these cells were generally hyperchromatic.
A triad of hepatocyte changes, including increased cytoplasmic volume, eosinophilia, and dense nuclei ( Figure 6 ) that generally represents bile damage, was found focally in 10% of the year 1, 20% of the year 2, and 5% of year-3 fry. All foci were found in the low-dose groups. These characteristic changes affected the entire liver in the high dose groups in 10% of the fry from year 1 and 3, and in 15% of fry from year 2.
Necrotic lesions were observed in 10% of the fry from the high-dose groups in year 2 and 3 (Figure 7) . A de nitive cause was not identi ed, as associations with hydrocarbon exposures, infectious agents, or in ammatory responses were not observed.
In year 2, bile duct epithelial proliferation ( Figure 8 ) was observed in 1 sh exposed to high concentrations of the WSF of crude oil and a possible precursor lesion of this condition was found in 2 fry exposed to the low concentration oil. The cells in this lesion were easily distinguished from normal hepatocytes by their smaller size, cuboidal to squamous pro le, eosinophilic cytoplasm and small, nonvesicular nuclei.
Predictions for the presence of liver lesions detected by microscopic examination were assessed by statistical analysis using logistic regression. Oil concentration signi cantly improved the model when entered into the prediction equation for year 1 (X 2 [2, 60] 13.51, p < 0.01) and year 2 (X 2 [2, 60] 12.39, p < 0.01) but not for year 3 samples (X 2 [2, 60] 4.902, p < 0.09). Because liver lesions, with the exception of heptocellular vacuolation in year 1, were not observed in control fry, an empty cell in the contingency tables was created; under these conditions, comparative odds ratios are invalid. However, by observing the contingency tables, we found that oil concentration improved the predictive power of the regression equation due to the higher frequency of fry with lesions in the low-and high-water soluble fraction of crude oil conditions and it appears to be systematically linear.
Head Kidney Histology
The interrenal cells were not observed in year 1 due to the dif culty in obtaining the head kidney during eld dissection of the fry. This problem was overcome in subsequent years by xing and sectioning whole fry. Analysis of year 2 interrenal cell nuclear diameters (Figures 9 and 10 ) revealed a statistically signi cant increase (F [2, 60] 2.4, p > 0.025) with increasing concentrations of WSF of crude oil. A 14% difference was found between the control and high-dose fry with mean diameters of: control 4.3 l m, low-oil dose 4.5 l m and high-oil dose 4.9 l m. For year 3, there was also a linear signi cant increase in the interrenal cell nuclear diameters with the WSF of crude oil exposure (F [2, 60] 4.7, p > 0.025). The signi cant difference was found between the control (4.4 l m) and the high-dose fry (4.9 l m); (F [2, 60] 4 .38, p < 0.005) in which the cells nuclear diameter increased by 11%. There was no difference in nuclear diameters between the control and low-dose (4.6 l m), or between the low-dose and the high-dose fry.
Gill Histology
All fry possessed some normal gill lamellae (Figures 11  and 12) for each year examined. Epithelial detachment or partial fusion and hyperplasia ( Figure 13 ) on secondary lamellae was present in 5% of the oil-exposed fry in year 1 but occurred to varying degrees in all fry, including controls, from the 2nd and 3rd year studies. Severe epithelial lifting and mucus cell hyperplasia leading to fusion of the secondary lamellae ( Figure 14 ) was evident only in year 3 high-dose fry.
In year 3, vascular constriction ( Figure 15 ) was present with the same degree of severity for all groups treated with WSF of crude oil, with 1 high-dose fry exhibiting sever multifocal lamellar aneurysms (telangiectasia: Figure 16 ). These alterations were not evident in the control group.
DISCUSSION
The most prominent histological feature in livers of pink salmon fry surveyed during year 1 was the extensive cytoplasmic vacuolation in combination with pyknotic (condensed) nuclei. These ndings are similar to those reported for sh caught from polluted waters containing arsenic (35) or kraft pulp mill ef uents (20) . The vacuolar changes observed in the present study might have been the result of hepatotoxicity induced by the presence of petroleum hydrocarbons and (or) reduced food intake due to stress (19) . However, the size of the fry was also related to the degree of vacuolation (the larger the fry, for both length and weight, the greater the degree of vacuolation), as was the type of xative used (increased vacuolation with fry xed in buffered formalin). Increased vacuolation may suggest a possible linkage between growth rate, metabolic rate, and toxin susceptibility. Although neither the direct cause of hepatocellular vacuolation nor the potential consequences to liver function could be established with certainty, it was interesting to note that the proportion of fry possessing this characteristic was three times higher in the low-dose and four times higher in the high-dose relative to the control. This ratio suggests that these hepatic changes are related to exposure to the water soluble fraction (WSF) of crude oil.
The condition diagnosed as hepatocellular steatosis in year 2 was similar to the hepatocyte vacuolation observed in year-1 samples. Similar lesions have been described as degenerative changes suggestive of metabolic disorders and are commonly associated with dietary de ciencies or toxic chemical administration (31) . This condition was observed in 30% and 10% of the year-2 low-dose and high-dose fry, respectively. Steatosis has been correlated with neoplasms, however, the role of steatosis in the progression of lesions towards neoplasm formation in sh is not presently known (28). Nuclear pleomorphism was not observed in the year-1 samples, possibly due to the xative used. Nuclear pleomorphism may be a precursor to megalocytic hepatosis (31), a condition observed in 10% of the low and high dose fry in year 2. Megalocytic hepatosis is considered a manifestation of hepatotoxins (37) resulting in degenerate, aneuploid hepatocytes as a consequence of disrupted mitosis. Myers et al (31) have shown that there is a signi cant association between megalocytic hepatosis and putatively preneoplastic foci containing altered cells and suggests a potential utility of megalocytic hepatosis as an early biomarker indicative of hepatocarcinogen-hepatotoxin exposure in the environment. This lesion and the related precursor condition, nuclear pleomorphism, are similar to the early changes induced by a spectrum of hepatotoxicants and hepatocarcinogens in rodent models (31) and are interpreted as manifestations of the chronic to subchronic hepatotoxicity of these compounds. Nuclear pleomorphism and megalocytic hepatosis has also been observed in Atlantic salmon at several netpen sites in Washington and British Columbia (15, 16) . The disease, referred to as netpen liver disease affects Atlantic salmon during their rst year in sea water and is postulated to result from a naturally occurring environmental toxin from the netpen and not an infectious agent (15, 16) . Kent (15) speculates that the agent may be a hepatotoxin produced by an organism, perhaps an alga, that is abundant in netpens during the summer. In this investigation, however, the lesion and its possible precursor were only observed in fry exposed to dissolved hydrocarbons that were maintained in troughs during early spring similar to control fry. Therefore, in this study megalocytic hepatosis is a result of hydrocarbon exposure rather than netpen liver disease.
The liver necrosis observed in both year-2 and -3 high-WSF oil exposed fry may be a response to either toxins or pathogens. If a cellular in ammatory response was present then a biological agent is often implicated. When in ammatory responses or neoplastic processes are not present, necrosis may represent necrogenic action by toxic chemicals (28) . Two liver samples, from the year-3 high-dose population, showed evidence of necrosis associated with nuclear pleomorphism, and in the year-2 high-dose population, necrosis was associated with megalocytic hepatosis and bile duct epithelial proliferation. No in ammatory response was noted in either of the samples. Hence, the necrosis observed in the fry was probably related to hydrocarbon exposure from the WSF of crude oil.
A condition similar to postmortem bile damage on hepatocytes (12), characterized by an increased hepatocellular cytoplasmic volume, eosinophilia and dense to pycnotic nuclei, was observed each year. Because the fry in year 2 and 3 were xed whole, rupture of the gall bladder is an unlikely explanation. Also, this condition affected the entire liver or focal areas not associated with bile ducts, and it occurred only in fry from the low and high WSF of crude oil treatments. Therefore, this change was likely due to hydrocarbon exposure. This pathological alteration is similar in appearance to that found in livers from rainbow trout that have been fed a diet containing atoxin (39) . Another condition related to bile damage, bile duct epithelial proliferation, was observed in 1 high-dose and 2 low-dose fry from the year-2 samples. This lesion has also been reported in sh exposed to Aroclor 1254 for 2 weeks (4) . In this study, the proliferation was associated with both nonspeci c necrotic lesions and megalocytic hepatosis, and it is therefore also suspected to be result of exposure to petroleum hydrocarbons.
Interrenal cells in elasmobranchs and bony shes represent the equivalent of the mammalian adrenal cortex. These cells produce corticosteroids, with cortisol being the most quantitatively important in teleosts. This hormone has potent effects on intermediary metabolism and is important for seawater adaptation. In addition, cortisol levels can be elevated after exposure of teleost shes to some stressors, suggesting that it is a major factor in the piscine stress response (7) . Interrenal cell activity in salmonids has been shown to exhibit transient increases due to stress from exposure of butoxyethanol ester of 2,4-dichlorophenoxyaceti c acid (25) , with density-related social interaction (4), and a transitory stress response when smolts are released from a hatchery directly into sea water (29) . Plasma cortisol changes and histological examination of interrenal tissues, has been utilized as an indicator of primary effects of stress. For instance, Brown et al (3) reported rainbow trout exposed to high acid levels revealed plasma cortisol and interrenal cell nuclear diameters to be higher than for control levels. In this study, increased interrenal cell nuclear diameters were observed in response to dissolved hydrocarbon concentrations in year 2 (control versus low and high WSF exposed fry), and in year 3 (control versus high-WSF exposed fry). Several factors may have combined to produce this stress-related change: hydrocarbon exposure, rapid salt water-acclimation, and increased sh loading density toward the end of the experiment resulting from fry growth (initial loading: 0.25 kgL 1 min 1 ; nal loading: 0.42 kgL 1 min 1 ). However, because the control fry were also subjected to rapid salt water-acclimation and increased loading density, it can be concluded the increase in nuclear diameters seen in the test fry was due to WSF crude oil exposure.
The manner in which gill changes occur is often an accurate indicator of the causative agent, eg, bacteria, diet, or chemical. However, various agents may produce gill lesions simultaneously. Extensive damage from a speci c agent may overshadow or mask gill injury produced by a second or third. Changes in gill lamellar structure can affect gas exchange, osmoregulation, as well as altering susceptibility to a variety of disease-causing organisms (33) . Such changes may occur singly, or in combination, in sh diseases or toxicosis and are often directly related to disorders in gill functions that ultimately affect physiological parameters (eg, reproduction) or cause death (24) .
Changes in gill histology, such as those found in this study (epithelial lifting, vascular constriction, hyperplasia, and fusion), were found to be severe in the high-dose fry. However, some epithelial detachment, partial fusion and hyperplasia was observed in all treatment groups, including the control. Fixatives such as buffered formalin and Dietrich's may cause epithelial lifting (7) . Therefore, half the population was xed in Bouin's, a xative routinely used for gill analysis (41), for the nal year's study. No signi cant difference was found in the degree of epithelial lifting between the various xatives. These data suggest that the gill lesions observed in this study were related to hydrocarbon exposure. Mallatt's (24) review of sh gill histology lists 5 lesion classes that are typically associated with chronic, sublethal conditions. One of these, heperplasia of the lamellae, is a condition that is conducive to excess mucus production (18) . When it occurs as discrete pockets, the hyperplasia is likely associated with some physical agent (eg, sediment particles), whereas chemical damage generally takes on a more diffuse appearance (J. Bagshaw, Paci c Biological Station, Nanaimo, British Columbia, personal communication). The characteristic presence of one or more diffusely hyperplastic primary lamellae per section in the high-dose fry suggests that the etiologic agent in these experiments were chemical. The same type of gill lamellar hyperplasia was also reported in nearly half of the sculpins (6 of 14) collected from oil-exposed sites in the Gulf of Alaska following the Exxon Valdez spill (18) .
Only 1 high-dose fry in the year-3 sample possessed a multifocal lamellar aneurysm (telangiectasia). This condition is associated with either a chemical or physical trauma in which there is breakdown of vascular integrity due to rupture of the pillar cells. Such lesions often undergo thrombosis and brosis, followed by resorption (7) . This condition has been observed in rainbow trout with acute a atoxicosis (39), in dieldrin-exposed coho salmon (40) , and mirex-exposed gold sh (6) . Because only one sh in this study possessed these aneurysms with no associated brosis, the nding was considered incidental and due to postmortem damage.
Irritant-induced alterations in histology largely result from nonspeci c mechanisms given that these lesions occur under a wide range of irritant-exposure conditions (34) as physiological adaptations to stressors (24) . The present study demonstrates that sublethal exposure to the WSF of crude oil results in a signi cant stress response as indicated by altered structure of the liver, kidney, and gill tissues. Generally, the lesions were comparable for the same chemical doses in different years. Moreover, these ndings have been previously identi ed in demersal shes from heavily industrialized waterways and are often associated with the presence of a wide ranging suite of environmental contaminants such as organochlorines, heavy metals, polyaromatic hydrocarbons, and other toxicants.
The released pink salmon fry, after 10 days of oil treatment, survived to adulthood under natural oceanic growth conditions and homed to their natal stream in numbers equivalent to untreated control fry (1) . In this study, the expression of stress due to hydrocarbon exposure was demonstrated as morphologic lesions in exposed fry. Hence, it remains to be determined whether the returning adult salmon from oil-exposed treatment groups represent fry that recovered from, or never incurred, oil-induced cellular damage. Further work will be required to assess the chronic consequences of dilute hydrocarbon exposure during early development.
